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In biological systems, it is important to understand the input–output relationship under 
environmental noise. Because previous research has been revealed the input–output relationship 
by averaging for eliminating noise, it is not well investigated the effect of noise for the input–output 
relationship. In this study, I proposed the novel theoretical and experimental methods to quantify 
the relationship under noise. Furthermore, I revealed the input–output relationship under 
environmental noise in vivo. 
In Chapter 1, previous research focusing on the input–output relationship both with and 
without noise was overviewed. Then, the purpose of this thesis was introduced. 
Chapter 2 presents a study on the efficiency of adaptation speed of Escherichia coli chemotaxis 
by introducing stochastic thermodynamics and information geometry. In previous research, 
adaptation of E. coli chemotaxis has been well investigated for thermodynamic costs, but not for 
speed of the adaptation. Here, the efficiency of adaptation speed is formulated by introducing 
information geometry. I revealed that the efficiency is robust for stimulation strength, but changed 
by strength of noise in stimulation. In addition, the efficiency is not monotonically decreased 
according to strength of the noise. This result indicates noise can be beneficial for the adaptation. 
In Chapter 3, I mentioned the input–output relationship of AIY interneuron under 
environmental noise in Caenorhabditis elegans. Previous research has indicated that AIY shows a 
sporadic Ca2+ response regardless of explicit sensory stimulation. Therefore, we simultaneous 
measured both neurotransmitter input and Ca2+ response, and also Ca2+ response and membrane 
potential in AIY under environmental noise. From these experiments, I demonstrated that decrease 
of neurotransmitter input by fluctuation evokes the sporadic Ca2+ response in AIY. Because AIY 
interneurons regulate the behavior via their activity, my results provide novel insights into the 
relationship between sensory-input fluctuation and behavioral variability. 
In chapter 4, I argued the importance of focusing on the input–output relationship under noise 
from the results in Chapter 2 and 3. In addition, the future perspectives were also discussed. 
 
 
 
